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XmT.ODUCTION 


Since  1934  the  Bartlett  pear  shipping  industry  of  California, 
organized  under  a  Federal  Marketing  Agreement,  has  worked  to  improve 
the  marketing  of  its  product «     In  evaluating  the  results  obtained  va  th 
controlled  shipments ,  the  administrative  comm.ittees  found  considerable 
trade  resistance  to  California  Bart  Letts  because  of  the  tendency  of 
the  fruit  to  break  down  in  consuming  markets  during  certain  periods. 
In  order  to  determine  the  cause  of  this  condition  and  in  an  effort  to 
place  Bartletts  in  the  hands  of  the  consuming  trade  in  the  best  possi- 
ble condition,  officials  of  the  California  Tree  Fruit  Agreement  were 
authorized  to  enter  into  a  cooperative  agreement  with  the  Bureau  of 
Plant  Industry,  United  States  Department  of  Agriculture,  and  the  Divi- 
sion of  Pom.ology,  California  Agricultural  Experiment  Station  to  make 
test  shipments  of  Bartletts  during  the  1941  season.     The  object  of  this 
research  was  to  determine  the  amount  of  precooling  required,  optimum 
transit  temperatures  and  the  best  methods  of  handling  and  ripening 
California  Bartletts. 


OUTLIME  OF  TESTS 

The  general  plan  agreed  upon  by  the  several  agencies  coopera- 
ting in  the  studies  was  to  ship  experimental  lots  of  fruit  from  the 
Sacramento  Valley,  the  foothill  districts,  and  Lake  and  Mendocino 
counties  during  the  commercial  shipping  season,  selecting  boxes  of 
fruit  of  average  size   ( 150 ' s-- 165 ' s )  and  of  known  orchard  history  for 
this  purpose.     Color  photographs  were  made  of  the  fruit  as  soon  as  it 
was  packed,  and  records  were  taken  of  its  color,  soluble  solids  and 
pressure  test.     One  box  of  each  test  lot  v/as  stored  for  10  days  at 
Davis  at  420  p,^  approximating  refrigerator  car  temperatures,  before 
ripening.     Duplicate  boxes  from  each  orchard  were  loaded  in  the  top 
layer,  doorway  stack  of  the  cars  v/hlch  wore  to  receive  different 
amounts  of  refrigeration,  usually  differing    principally  in  the  time 
that  thoy  were  precooled.     In  non-pro  cooled  shipments,  tost  boxes  were 
also  loaded  in  the  bottom  layer  of  the  stack  next  to  the  bunker  so  that 
within  the  same  car  the  effect  of  low  and  high  transit  temperatures  on 
the  fruit  could  be  compared.     Recording  thcrm.ome ters  were  packed  in  the 
center  of  duplicate  boxes  to  register  the  temperature  of  the  fruit  from 
time  of  loading  until  tine  of  removal  from  the  car  at  destination. 

Fruit  and  air  temperatures  during  precooling  were  taken  in 
the  center  of  boxes  throughout  the  load  with  electric  resistance  ther- 
mometers that  could  be  read  without  opening  the  car.     The  amount  of 
ice  and  salt  supplied,  the  time  it  was  added  and  the  operating  record 
of  the  precooling  equipment  were  noted  so  that  a  complete  picture  of 
the  cooling  operation  could  be  reconstructed. 

The  test  fruit  '.vas  taken  to  the  Bureau  of  Plant  Industry 
laboratory  upon  arrival  in  Nev/  York  where  color  photographs  were  made 
if  any  unusual  condition  was  in  evidence.     The  equipment  used  in  taking 
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photographs  and  the  methods  that  wore  followod  in  California  and  Now 
York  were  standardized  to  eliminate  avoidable  differences  in  color 
reproduction.    The  pears  were  inspected  for  firmness,  color  and  general 
appearance  before  they  were  transferred  to  ripening  rooms  whore  some 
wore  held  at  66°  to  68°  or  at  about  the  middle  of  the  temperature  range 
of  60°  to  70°  considered  to  be  optimum  for  most  varieties  of  pears  by 
several  previously  reported  investigations,     l/'  The  remainder  of  the 
test  fruit  was  ripened  at  higher  temperatures  of  31°  to  83°,  such  as 
are  commonly  experienced  on  fruit  stands  during  warm  summer  months. 
The  humidities  were  relatively  high,  about  80  percent  at  both  tempera- 
tures.    Wtion  the  fruit  was  ripe,  notes  wore  taken  on  its  appearance  and 
the  amount  of  decay,  scald,  breakdown,  and  shriveling  that  was  in  evi- 
dence.   Flavor  v/as  determined  by  a  tasting  jury  who  scored  a  represen- 
tative sample  of  pears  from  each  lot.    The  evenness  of  ripening,  the 
days  required  to  ripen  and  the  length  of  time  the  fruit  remained  mar- 
ketable after  being  ripened  xvere  also  recorded. 

In  planning  the  studies,  information  on  the  following  points 
was  sought: 

1.  The  relationship  between  the  stage  of  maturity  of 
the  fruit  when  picked  and  its  flavor  and  appear- 
ance on  the  market • 

2.  The  relationship  betv/een  precooling  and  transit 
temperatures  or),  the  quality  and  condition  of 
early,  midseason,  and  late  shipments  of  pears. 

3.  The  amount  of  precooling  that  pears  usually 
receive  under  commercial  precooling  practices, 
and  its  effect  on  subsequent  transit  temperatures, 

4.  The  relationship  hotwcen  ripening  temperatures  and 
the  quality  and  condition  of  pears. 

A  total  of  19  test  shipments  were  made  for  which  the  precool- 
ing period  ranged  from  none  at  all  to  as  long  as  120  hours,  and  transit 
refrigeration  varied  from  initial  ice  only  to  standard  refrigeration 
(table  1), 


1/    Hartraan,  et  al  Ore .Agr .Exp.Sta.Bul.22B,1927,  Ore. 
Agr. Exp. Sta. Bui. 254, 1929;  Magncss,  et  al  U.S. Dept. 
Agr. Tech.     Bui  .140,1929  ;  Allen,  Calif  .Agr  .Exp  .Sta.. 
Bui. 533, 1932;  Pentzer,  et  al,  U .S .Dept .Agr .Tech. 
Bui .290, 1932 ;  Furlong  and  Barker,  S.African  Decid, 
Exch.Bul ,23, 1935;  Tindale,  et  al.  Jour .Dopt .Agr . 
Vol.36:,  1938. 
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RESULTS 
Transit  Tomperaturo  Studios 

Methods  of  ref r5-g;oration  and  transit  temperatures  compared  in  the  tests 
and  their  effect  on  appcrirance  of  fruit  on  arrival, 

A  brief  summary  of  the  various  shipping  tests  follow: 

Test  !♦     July  11,  Locke,  Calif.     Car  1  non-precooled,  740p, 
v;hen  shipped;  car  2  precooled  to  49°,  1/,  both  shipped  with  one  reicing 
in  transit. 

As  indicated  in  figure  1,  during  the  first  few  days  in  tran--' 
sit,  the  top  layer,  doorway  stack  of  the  precooled  car  was  15^  to  30^ 
cooler  than  was  the  same  position  in  the  non-precoolod  shipment.  The 
average  transit  temperatures  wore  47^  and  57^  respectively,  but  despite 
the  higher  temperature  in  the  non-precoolcd  car,  the  condition  of  the 
test  fruit  from  both  cars  V7as  similar  on  arrival,  being  considered 
slightly  too  green  for  best  auction  display. 

Test  2.  July  14.  Yuba  City.  Calif.  Car  3,  non-pre cooled, 
shipped  standard  refrigeration;  car  4,  precooled  to  55°,  reiccd  once 
in  transit;  car  5,  precooled  to  63°,  shipped  standard  refrigeration. 

The  temperature  records  of  the  top  layer,  doorv/ay  stack  of 
these  three  cars  are  shovm  in  figure  2.     It  is  quite  evident  that  the 
small  amount  of  prccooling  that  car  5  received  v-as  of  no  value  in 
lowering  its  transit  temperature,  which  averaged  56°,  the  same  as  non- 
precooled  car  3.     Car  4,  thoroughly  precooled,  had  a  low  transit  temp- 
erature, averaging  430  for  the  trip.    Again  in  spite  of  these  differ- 
ences in  transit  temperatures,  there  was  little  difference  in  the  con- 
dition of  the  fruit  either  upon  arrival  or  after  it  was  ripened.  All 
of  the  tost  fruit  was  considered  to  be  too  green  for  best  auction 
displfiy , 

The  transit  temperatures  of  the  top  layer,  doorway  stack  and 
bottom  layer,  bunker  stack  of  car  3-  are  compared  in  figure  3.  Differ- 
ences as  great  as  20^  existed  during  the  first  fev/  days  in  transit  and 
even  upon  arrival  the  fruit  was  8'^  cooler  in  the  bottom  layer  next  to 
the  bunker  than  it  was  in  the  top  layer  at  the  doorway.     If  the  fruit 
had  been  precooled  or  if  the  car  had  been  equipped  with  fans  to  circu- 
late air  in  transit,  the  temperatures  would  have  been  more  uniform. 

1/    The  final  precooling  temperature  referred  to  v;as 
the  average  of  9  positions  in  the  load  v/hereas  the 
temperatures  shovm  in  the  figures  were  from  re- 
cords obtained  in  the  top  layer  of  the  doorviay 
stack  xjlth  recording  thermometers. 
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These  curves  illustrr.tc  the  usual  wide  difference  in  temperature  be- 
tween the  bottom  and  top  laycrc  in  non-precoolod  cars. 

Test  5.  July  19,  Walnut  Grove,  Calif.  Car  6,  pre cooled  to 
460,  reiced  once  in  transit;  car  7,  procooled  to  300,  reiced  tv./ice  in 
transit • 

The  temperature  of  the  top  layer  of  car  7  rose  abruptly  after 
the  fruit  was  rem.,oved  from  the  precooling  room  to  the  refrigerator  car 
(figure  4),  and  it  continued  to  ric5e  at  a  slower  rate  for  the  next  7 
days  in  transit,  until  on  arrival  it  was  about  46^,  or  only  slightly 
lower  than  in  the  companion  car.     This  tost  illustrated  the  fact  that 
even  though  the  car  v;as  exceedingly  well  cooled,  the  fruit  in  the  top 
layer  rose  to  a  temperature  that  th^  refrigerator  car  could  maintain. 
Considering  the  extended  precooling  v/hich  the  fruit  received,  it  was 
probably  not  necessary  to  reice  the  car  more  than  once  in  transit.  The 
average  transit  temperatures  were  460  for  car  6  and  42°  for  car  7.  The 
test  fruit  in  both  cars  v/as  reported  to  be  slightly  too  green  for  best 
auction  display  upon  arrival. 

Test  4,     July  25,  Yuba  City,  Calif.     Car  8,  precooled  to  39o» 
car  9,  precooled  to  31o,  both  reiced  once  in  transit. 

The  differences  in  transit  temperatures  of  the  top  layex'', 
doorway  stack  of  these  cars  varied  from  about  10°  the  first  day  in 
transit  to  less  than  5^  tovirard  the  end  of  the  transit  period  (figure  5),. 
The  average  temperature  was  50°  in  car  8  and  43°  in  car  9.     When  the 
fruit  was  inspected  on  arrival  (table  2.)  the  test  lots  from  car  9  v/lth 
the  low  trr.nsit  temperature  were  too  green  for  best  auction  display 
v;hereas  the  fruit  from  car  8  was  of  good  to  excellent  color,  indicating 
that  in  this  case  extended  preceding  \v?.l>  not  necessary  or  desirable. 

Test  5,  July  25,  Hood,  Calif,  Car  10,  non-pru cooled^  550- 
box  load,  shipped  standard  refrigeration  v/ith  5  percent  salt;  car  11, 
720-box  load  pi'ocoolod  to  41o  reiced  tv;ice  in  trannit. 

The  non-precooled  550-box  load  was  not  as  well  refrigerated 
as  the  precooled  720-box  load,     having  temperatures  35°  higher  in  the 
top  layer  at  the  doorway  du.ring  the  first  day  in  transit  and  averaging 
52°  for  the  transit  period  as  compared  to  430  for  the  heavy  lond  (fig- 
ure 6),     Precooling  m.ore  than  offset  the  diffoi'cnce  in  lords  and  re- 
frigeration in  transit.     It  is  interesting  to  note,  hov/ever,  that  again 
the  fruit  in  the  v/arner  car  wme  ra.ore  desirable  for  auction  display, 
indicating  that    more  ruf rig^^ration  was  given  the  precooled  car  than 
was  actually  needed.     The  transit  temperatures  in  the  bottom  layer, 
bunker  stack  and  top  layer,  doorway  stack,  of  the  non-precooled  550-box 
load  are  shown  in  figure  7,     As  in  non-precooled.  car  3,  there  v/as  ap- 
proximately 10°  difference  in  temperature  between  these  two  positions 
in  the  same  CL-r. 

Test  6.     August  4.  Yuba  City,  Calif »     Car  13,  precooled  to 
34O;  car  14,  precooled  to  38°^  both  shipped  with  one  reicing  in  transit. 


-  5  - 


The  effect  of  extended  prccooling  in  lowering  transit  temper- 
atures was  brought  out  clearly  in  this  tost   (figure  8),     Car  13,  pro- 
cooled  for  about  61  hours,  had  a  temperature  in  the  top  layer,  doorway 
stack  about  8°  lower  throughout  the  entire  transit  period  than  in  car 
14,  averaging  38°  in  the  former  car  as  compared  to  47°  in  the  latter. 
However,  this  proved  to  bo  of  no  apparent  value,  since  the  test  fruit 
in  the  warmer  car  had  a  more  desirable  color  on  arrival  than  comparable 
fruit  shipped  in  the  cooler  companion  car.     This  is  especially  inter- 
esting because  the  shipment  was  made  late  in  the  season,  when  the  ma- 
turity of  the  fruit  was  v/ell  advanced. 

Test  7,    August  7,  Lake  County,  Calif.     Car  15,  procooled  to 
47°;  car  16,  precooled  to  31°,  both  shipped  with  one  reicing  in  transit. 

The  effect  of  long  precooling  on  subsequent  transit  tempera- 
tures was  again  quite  evident   (figure  9).     Car  15^  precooled  for  only 
19-g-  hours  had  an  average  transit  temperature  of  about  4.5°  in  the  top 
layer  of  the  doorway  stack  as  compared  to  41°  in  the  same  position  in 
car  16  wh3.ch  v;as  precooled  for  80  hours.     The  inspection  of  the  test 
fruit  on  arrival  indicated  that  car  16  had  received  more  refrigeration 
than  v/as  desirable,  for  the  fruit  was  considered  to  be  too  green  for 
best  auction  display.     Some  of  the  fruit  in  car  15  was  also  slightly 
green* 

Test  8,     August  11,  Placervillo,  Calif,     Car  17,  precooled  to 
49°,  shipped  standard  refrigeration;  car  18,  precooled  to  30°,  shipped 
with  initial  ice,  no  reicing  in  transit, 

V/ell  cooled  car  18  had  temperatures  in  the  top  layer  of  the 
doorway  stack  8°  to  15°  lower  during  the  first  week  in  transit  than  in 
companion  car  17  (figure  10),    The  average  transit  temperatures  were 
41°  and  47°  respectively.     The  arrival  temperature  of  car  18  was  higher 
than  that  of  car  17  even  though  the  former  was  far  better  precooled. 
This  illustrates  how  unreliable  the  arrival  temperature  may  be  when 
used  as  an  indication  of  the  temperature  to  v/hich  the  fruit  has  been 
subjected  in  transit.     It  was  again  found  that  the  fruit  in  the  v;armer 
car  was  bettor  for  auction  display  than  similar  fruit  shipped  in  the 
cooler  car. 

Summary  of  tests. 

It  would  appear  from  these  tests,  summarized  in  table  2,  that 
precooling  for  a  long  time  was  not  desirable  from,  the  standpoint  of 
color  for  auction  display,     Non-proccoled  shipments  made  during  the 
first  week  of  the  pear  season,  with  transit  temperatures  in  the  warm 
part  of  the  car  (top  layur,  doorv/ay  stack)  averaging  as  high  as  57°, 
did  not  arrive  too  ripe,  but  in  some  cases  were  reported  to  be  somewhat 
too  green  in  color.     Later  in  the  season  as  well,  the  warmer  car  of  the 
pair  was  generally  better  so  far  as  the  appearance  of  the  test  fruit 
v/as  concerned,  even  though  the  comparisons  were  made  in  the  top  layer 
of  the  door^/iray  stack,  normally  a  warm  part  of  the  load.     It  should  be 
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emphasized  that  these  results  arc  fron  only  one  seas  on ^3  \7ork  and  that 
the  tests  should  bo  carr'icd  on  I'cv  several  seasons  to  establish  de- 
finitely the"  refrip;eratlon  roguii'enonts  of  pears.     It  is  not  known  to 
v/hat  extent  the  ideas  of  the  buying  trade  may  change  fron  year  to  year 
or  what  effect  the  different  growin;?  and  shipping  conditions  may  havo 
on  the  ripening  and  softening  of  pears  in  transit.     Continuing  to 
secure  color  photographs  of  test  lots  before  and  after  shipment  will 
help  to  answer  some  of  those  questions. 

Effect  of  transit  temperatures  on  softening  of  pears  in  transit. 

Several  other  factors  j.n  addition  to  the  appearance  of  the 
fruit  must^  of  course,  be  considered  in  determj.ning  the  refrigeration 
that    pears  need.     The  firmness  of  the  fruit  upon  arrival  and  the 
amount  that  it  softens  in  transit,  shown  in  table  3,  is  of  importance 
in  judging  v/hether  or  not  refrigeration  is  adequate.     In  some  instances, 
the  fruit  softened  in  transit  as  much  as  3  to  5  pounds  by  pressure  test 
but  oven  in  these  cases  it  was  still  firm  enough  upon  arrival  (15  to  16 
pounds  pressure  test)  to  be  acceptable.     In  most  cases,  with  transit 
temperatures  of  SO*-*  or  even  a  few  degrees  higher,  the  softening  was  so 
slight  as  to  be  of  no  consequence.     The  average  drop  in  firmness  in 
transit  for  all  of  the  test  lots  was  about  one  pound  by  pressure  test, 

Comparablu  tests  made  at  Davis  in  which  the  fruit  was  held 
for  10  days  at  a  temperature  of  42°  also  shov/od  negligible  changes  in 
firmness.     Several  lots  of  fruit  softened  from  1  to  2.  pounds  by  pres- 
sure test  but  others,  due  to  v/ater  loss,  showed  a  corresponding  in- 
crease in  firmness. 

Effect  of  tr.'.nsit  tcmpcraturos  on  the  flavor  of  the  fruit  and  evenness 
of  ripening. 

It  v/as  thought  that  thorough  precooling  and  subsequent  low 
transit  temperatures  might  have  a  beneficial  effect  on  the  evenness 
with  which  the  fruit  ripened.     No  differences  v/ere  found,  however, 
that  could  be  attributed  to  the  refrigeration  the  pears  received.  In 
some  cases,  the  fruit  was  best  from  the  warm  cars;  and  in  other  cases, 
the  reverse  was  true.     No  correlation  v>ras  found  betv/een  transit  temp- 
erature and  flavor  or  evenness  of  ripening  in  fruit  ripened  at  66*^  to 
68°  or  in  that  ripened  at  higher  temperatures  of  81°  to  83°, 

The  influence  of  transit  temperature  c^n  breakdov;n. 

Breakdown  of  the  flesh  of  Bartlott  pears  upon  ripening  has 
been  a  serious  defect  reported  in  many  shipments  of  this  variety  from 
California,     It  v.^as  thought  that  well  refrigerated  shipments  might  be 
less  subject  to  this  trouble  than  fruit  transported  at  warmer  tempera- 
tures,    Hov;ever,  as  indicated  in  table  4.,  this  v;as  not  borne  out  by 
the  tests  since  the  amount  of  breakdown  which  developed  in  fruit  ship- 
ped in  the  warmer  cars  of  the  pairs  averaged  only  about  12  percent  as 
compared  to  14  percent  in  fruit  shipped  in  the  companion  cars  with 


^  7  - 


lower  temperatures.     The  fruit  in  eich  p.iir  of  cars  v;as  strictly  com- 
parable so  if  there  had  hcen  any  rriarked  influence  of  procooling  or  low 
transit  temperature  in  prevent in<3  breakdown  it  should  have  been  appar- 
ent.    The  above  percentages  of  breakdown  are  for  fruit  ripened  at  81° 
to  83°,  for,  as  v/ill  be  brought  out  later  in  the  report,  breakdovm  was 
of  little  importance  when  the  fruit  was  ripened  at  66°  to  68°P. 


Pre  cool  in^^  Studios 

Since  the  transit  temperature  of  the  fruit  is  controlled 
largely  by  the  amount  of  precooling  that  it  receives   (see  figure  12), 
considerable  attention  was  given  to  the  precooling  of  Bartlett  pears 
with  the  various  kinds  of  equipment  used  commercially  in  California. 
Eighteen  precooling  tests  were  made  during  the  course  of  these  investi- 
gations, the  results  of  which  are  suL-imarized  in  table  5.     It  v;ill  be 
noticed  that  generally  the  fruit  averaged  in  the  low  70 's  at  the  start 
of  the  test.     The  duration  of  cooling  was  the  principal  factor  in  re- 
ducing the  temperature  of  the  fruit.     The  general  results  in  regard  to 
the  time  required  to  cool  pears  to  a  given  temperature  were  similar  to 
those  found  previously  by  Allen  and  McKinnon  (Calif ,Agr .Exp .Sta .Bui . 
590,  1935).     To  prococl  the  fruit  until  it  had  an  average  temperature 
of  45°  to  50°  in  the  center  of  the  boxes  throughout  the  carload  re- 
quired 18  to  24  hours,  with  air  blast  temperatures  averaging  31°  to 
38°,    To  reach  average  finol  fruit  temperatiires  of  approximately  32° 
required  61  to  119  hours  v/ith  air  tem.peratures  averaging-  28°  to  33° 
for  the  entire  cooling  period.    As  pointed  out  above,  precooling  to 
this  extent  proved  to  be  of  little  advantage  in  those  tests,  unless 
perhaps  the  fruit  was  to  be  shipped  without  rolcing  in  transit.  With 
the  exception  of  car  5-,  in  v/hich  the  bunker  ico  was  completely  ex- 
hausted during  precooling,  air  temperatures  in  the  car  were  fairly 
low  in  all  preceding  tests.     They  were  much  lower  than  v;ere  generally 
obtained  in  the  precooling  of  plums,  grapes  and  other  fruits  that  give 
up  their  heat  much  more  readily  to  the  air  passing  through  the  load 
than  do  pears  which  are  wrapped  and  tightly  packed  in  boxes.  This 
means  that  the  cooling  rate  of  the  pears  was  extremely  low.     The  great- 
est amount  of  coding  that  was  obtained  was  1^°  per  hour  (car  15  pre- 
cooled  19-|-  hours).     From,  the  results,  it  appears  that  in  cars  cooled  to 
temperatures  in  the  range  of  40°  to  50°,  a  cooling  rate  of  about  1°  to 
li-°  per  hour  can  be  expected.    V/hen  the  car  was  precooled  until  the 
fruit  reached  a  temperature  of  approximately  32°  the  cooling  rate  was 
only  0.4°  to  0.9°  per  hour.     The  difference  in  temperature  betv/een  the 
fruit  and  the  air  used  for  precooling,  and  the  velocity  and  direction 
of  the  air  all  affect  the  cooling  rate  materially.     If  the  preceding 
operator  used  enough  ice  and  salt  or  mechanical  refrigeration  so  that 
the  air  blast  temperature    v;as  32°  or  a  fev/  degrees  Icv^er,  the  amount 
of  cooling  accomplished  was  determined  generally  by  the  duration  of  the 
cooling.     This  is  brought  out  clearly  in  figure  11,  in  which  the  final 
average  precooling  temperature  is  plotted  against  the  hours  coded. 
Although  the  results  of  the  various  tests  do  not  fall  cn  the  curve, 
they  follow  a  definite  trend  that  indicates  about  how  long  the  cooling 
period  would  have  to  be  to  get  any  desired  temperature* 
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Referring  again  to  table  5,  it  is  apparent  that  a  considerable 
amount  of  salt,  ranging  from  625  to  1,000  pounds,  was  needed  to  main- 
tain lov/  air  temperatures  during  precooling.     Ice  was  melted  in  amounts 
varying  from  about  8,300  to  13,600  pounds  per  car.     The  reduction  of 
temperature  in  heavy  loads  of  pears,  usually  consisting  of  720  boxes, 
was  generally  about  2^'^  for  each  1,000  pounds  of  ice  melted.     In  tests 
6,  8,  and  9,  the  amount  of  cooling  was  considerably  greater  than  this 
for  some  reason  as  yet  unexplained, 

Precooling  tests  with  portable  fans. 

Records  obtained  in  precooling  tests  on  cars  2  and  9  are  pre- 
sented (figures  13  and  14)  as  examples  of  precooling  with  portable 
propeller  fans  installed  at  the  top  openings  of  the  bulkheads »    Car  2 
(figure  13)  was  cooled  for  approximately  20  hours  with  air  of  low  temp- 
erature obtained  by  salting  the  ice  frequently.     The  top  layer  was 
cooled  more  rapidly  than  other  portions  of  the  load.    After  14  hours  it 
v/as  about  8°  cooler  than  the  bottom  layer.     In  car  9,   (figure  14), 
pre  cooled  with  similar  equipm.ent,  the  temperatures  were  more  uniform 
even  during  the  first  part  of  the  relatively  long  cooling  period  (about 
60  hours).     Prolonged  precooling  resulted  in  fairly  uniform  tempera- 
tures throughout  the  load.    The  fruit  cooled  slowly  when  it  was  only 
a  fev7  degrees  warmer  than  the  air  blast,  a  condition  that  prevailed 
during  the  last  8  or  10  hours  of  the  precooling  test.     The  bottom  layer 
cooled  faster  than  the  top  layer  in  this  car  probably  because  in  the 
type  of  load  used  a  channel  was  left  in  the  top  layer  along  the  center 
line  of  the  load  and  there  were  no  boxes  in  the  direct  path  of  the  air 
blast.     The  air  temperatures  were  low  during  most  of  the  precooling, 
salt  being  added  early  in  an  effort  to  lower  the  air  blast  temperature 
to  32*^  as  soon  as  possible, 

Precooling  test  v/ith  mechanical  refrigeration,  trackside  ammonia  coils. 

In  this  test  (figure  15),  air  was  blown  into  the  car  at  the 
top  half  of  the  doorway  from  a  set  of  coils  installed  alongside  the 
track.     It  was  returned  to  the  cooling  unit  through  the  lov^er  half  of 
the  doorway  opening.     The  top  layer,  receiving  the  direct  benefit  of 
the  air  blast,  cooled  much  faster  than  the  rest  of  the  load  and  at  the 
end  of  20  hours  was  about  6*^  cooler  than  the  car  average  and  about  9° 
cooler  than  the  middle  layer.     The  middle  and  bottom  layers  were  simi- 
lar in  temperature  throughout  the  test.    Air  temperatures  could  be  kept 
lov;  for  only  short  periods  because  the  coils  frosted  rapidly  and  had 
to  be  defrosted  by  turning  off  the  supply  of  ammonia.     Air  temperatures 
averaged  36.8^  in  this  car  as  compared  to  32.9°  in  car  2.     The  fruit 
was  cooled  to  an  average  temperature  of  47°  in  19^  hours,  or  about  the 
same  as  was  obtained  v/ith  fans  and  ice  in  car  2.. 

Precooling  test  in  refrigerated  warehouse. 


Although  cooling  was  not  so  rapid  with  warehouse  precooling 
as  with  portable  equipment,  it  vi^as  much  more  uniform  (figure  15), 


There  was  only  a  degree  or  two  diffoi'enco  in  teraperature  between  the 
top,  middle,  and  bottom  Iciyers  <•     Thir.  illustrates  the  advi^nta^e  of 

having  uniform  air  distribution  which  was  made  possible  by  the  proper 

location  of  air  ducts  and  the  stacliing  of  fruit  with  ample  air  spaces 

around  each  box.     It  will  be  noticed  that  after  40  hours,  the  rate  of 

cooling  dropped  off  as  the  temperature  of  the  fruit  came  closer  to 
that  of  the  air. 

Evaluating  effectiveness  of  precooling. 

Length  of  pre cooling. 

There  are  several  ways  to  check  the  precooling  job  that  a 
carload  of  pears  has  receivedo    Records  kept  b^^  coinmercial  procoolers 
usually  show  the  number  of  hours  that  the  equipment  has  been  operated. 
The  precooling  tests  reported  here  have  shown  that  about  18  to  24 
hours  are  required  to  cool  pears  from  initial  tempoi-atures  of  about 
75°  to  final  temperatures  of  45°  to  50°  throughout  the  load.     This  was 
true  for  all  of  the  equipment  tested^,  which  included  several  types  of 
propeller  fans  and  a  m.echanically  refrigerated  unite     If  the  time  that 
the  equipment  is  operated  is  considered  in  estimating  the  cooling  ac- 
complished and  necessary  attention  3s  given  to  replenishing  and  salting 
the  ice  supplj^,  it  will  be  a  more  accurate  and  satisfactory  measure  of 
the  effectiveness  of  the  cooling  than  the  present  method  of  taking  a 
few  superficial  temperatures.    An  approxim.ation  of  the  time  required 
to  cool  to  various  temperatures  can  be  obtained  from  figure  11,  In 
general  the  cooling  rate  in  heavy  loads  was  from  1°  to  l-g-°  per  hour 
when  the  fruit  was  cooled  to  temperatures  between  40°  and  50°. 

Ice  meltage. 

V^'ith  equipment  that  melts  ice  to  precool  the  fruit,  the 
amount  melted  is  a  good  basis  for  estimating  the  cooling  accomplished* 
Generally  the  temperature  of  heavy  loads  of  pears  was  reduced  about 
2-1"°  by  the  meltage  of  1,000  pounds  of  iccc    To  cool  a  carload  from  75° 
to  a  final  temperature  of  45°  required  the  meltage  of  about  12,000 
pounds  of  ice.     The  bunkers  of  most  refrigerator  cars  hold  approximate- 
ly 10,600  po-onds  of  ice  v/hen  filled  and  have  a  volume  equal  to  about 
137  pounds  of  ice  per  inch  of  depths     If  the  bunkers  are  filled  or 
their  ice  levels  are  recorded  at  the  start  and  finish  of  precooling 
and  the  ice  that  is  added  during  precooling  Is  accounted  for,  total 
ice  meltage  and  the  heat  removed  cr.n  be  esrimated.     The  temperature  of 
the  fruit  at  the  time  of  packing  ct.n  be  used  as  the  average  starting 
temperature  , 

Temperature  of  the  fruit r 

If  some  position  in  the  locd  could  be  found  where  the  fruit 
temperature  represents  the  average  of  the  load  and  it  could  be  reached 
with  ordinary  thermometers,  it  would  provide  a  convenient  way  to  check 
car  precooling.     The  temperature  of  fruit  in  the  top  layer  of  the  door- 
way stack  varied  1°  to  5°  from  the  average  of  the  load  in  all  of  the 
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tests  except  in  a  car  which  had  cold  air  blown  in  at  the  doorway  (table 
6).     In  this  car  it  was  15°  lower  than  the  average  tcmpGrature  of  the 
load  but  the  temperature  of  fruit  in  the  top  layer  of  the  bunker  stack 
was  v/ithin  about  a  degree  of  the  car  average.     It  should  be  pointed 
out  that  in  making  these  comparisons  the  temperature  of  fruit  in  the 
center  of  the  boxes  was  used,  rather  than  that  of  fruit  in  the  outside 
layers,  as  is  usually  done*    The  checking  of  fruit  temperatures  in 
warehouse-cooled  cars  is  a  simple  matter  at  the  time  the  fruit  is 
loaded  from  the  warehouse  into  the  refrigerator  car. 

Comparison  of  Flavor  of  Fruit  from  Different  Districts, 

On  the  basis  of  dessert  quality  ratings  given  the  different 
test  lots  of  fruit  ripened  in  Hew  York,  the  average  score  for  the  dif- 
ferent shipments  harvested  during  early,  mid  and  late  season  are  shown 
by  districts  in  table  7,    Although  the  results  are  considered  too  mea- 
ger to  be  conclusive,  they  indicate  that  in  both  of  the  ripening 
temperature  ranges   (66°  to  680,  ^^d  81°  to  83°)  early  shipments  of 
fruit  from  the    Sacramento  Valley  were  regarded  as  being  of  somev/hat 
lower  quality  than  those  from  the  other  districts.     These  differences 
were  probably  due  to  differences  in  maturity.     Mid-season  shipments  of 
Sacramento  Valley  fruit  v/hon  ripened  at  the  higher  temperatures  which 
ordinarily  prevail  in  the  eastern  markets  during  July  and  August  wore 
also  rated  slightly  lower  in  quality  than  those  from  other  districts. 
However,  v/hen  these  mid-season  shipments  of  Sacramento  Valley  fruit 
were  ripened  at  660-68°^  it  was  of  better  quality  than  the  early  ship- 
ments and  compared  favorably  with  that  shipped  from  the  other  districts 
two  or  three  weeks  later.     Late  shipments  of  fruit  from  the  Sacramento 
River  district  v/hen  ripened  at  81°  to  83°  were  slightly  superior  to 
early  fruit  from  other  districts  ripened  at  these  temperatures,  V/hen 
ripened  in  the  lower  temperature  range  the  late  fruit  from  all  dis- 
tricts was  similar  in  quality.     In  all  instances  fruit  ripened  at 
temperatures  of  66°-.68°  was  of  better  quality  than  similar  fruit 
ripened  at  81°-83°« 

Effect  of  Maturity  upon  Quality. 

With  the  exception  of  fruit  frora  the  Sacramento  River  dis- 
trict, there  was  little  correlation  between  date  of  harvest  and  dessert 
quality  of  the  ripe  fruit  as  measured  by  flavor  and  texture,  Bartlett 
pears  from  "the  River"  which  were  harvested  on  July  11,  and  shipped 
in  the  first  test  cars  averaged  67  points  in  flavor  score   (within  the 
"good"  range)  when  ripe,  whereas  those  harvested  on  July  25  averaged 
82  points   (within  the  "excellent"  range),     V/hile  this  difference  may 
not  have  been  highly  important  commercially,  because  the  pears  of  the 
lower  score  were  undoubtedly  acceptable  to  the  consumer,  they  indicate 
the  increase  in  quality  obtained  by  leaving  the  fruit  on  the  trees  for 
an  additional  two  weeks.     From  these  results  the  v/isdom  of  delaying 
the  beginning  of  the  Bartlett  harvest  on  "the  River"  for  7  to  10  days 
beyond  the  usual  time  is  apparent.     This  v/as  accomplished  by  grov/er 
cooperation  through  the  California  Tree  Fruit  Agreement,     If  the 
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harvest  had  "been  begun  at  the  normal  time  the  quality  of  the  fruit  at 
that  time  would  have  been  much  lower o 

No  relationship  was  found  between  harvest  maturity  of  the 
test  fruit  and  the  amount  of  breakdown  develcpGd  at  either  of  the 
ripening  temperature  ranges,  nor  was  there  any  sign5.fioant  relation- 
ship between  fruit  maturity  and  the  color  of  the  ripe  fruit. 

Effect  o f  Ripening  Terapcrature  Upon  Flavor* 

The  pears  ripened  at  66°  to  68°  and  at  81°  to  85°  after  ar- 
rival at  Nev/  York  were  scored  for  flavor  Wien  they  reached  their  most 
desirable  stage  of  softening.     Comparative  standards  established  for 
rating  the  flavor  of  the  pears  wero  as  foll.ovirst     0  -  24,  poorj  25  ••  49, 
fair;  50  -  74,  good;  75  -  100,  excellent^     Flavor  ratings  of  the  dif- 
ferent tasters  for  each  lot  wore  averaged  to  make  the  scores  I'ocordod 
in  table" 8 »     In  all  cases  the  fruit  ripenea  at  the  lower  temperature 
was  equal  or  better  in  flavor  than  comparable  fruit  ripored  at  the 
higher  temperature,  averaging  75  or  "excellent*'  on  the  flavor  scale 
as  compared  to  58  or  "good"  for  the  letter  fruits     Fruit  ripened  at 
the  lower  temperatures  was  juicier  and  had  flesh  of  a  more  melting 
consistency  than  similar  fruit  ripened  at  the  higher  temperatures  and 
its  aroma  was  likewise  better. 

Results  similar  to  those  were  obtained  with  the  fruit  from 
each  test  shipment  that  was  held  at  D.avis  at  42°  for  10  days  and  then 
ripened  at  3  to  5  different  temperatures  virhich  in  some  cases  were  as 
lev;  as  47°  and  in  others  as  high  as  90°,     The  ripening  record  on  typi- 
cal lots  of  fruit  held  at  Davis  from  the  various  shipping  tests  is 
presented  in  tabD.e  9,     The  observations  and  records  shov;  clearly  the 
influence  of  temperature  on  the  development  of  dessert  qualityo  All 
samples  ripened  at  70*^  wore  of  good  appearance  and  color  and  had  satis- 
facbory  to  good  quality a     Comparable  samples  ripened  at  65°  were,  how- 
ever, of  bettor  texture,  somewhat  more  juicy  and  in  most  instances  Mere 
regarded  as  being  of  better  flavor.     Fruit  held  at  85°  to  90°  ripened 
imperfectly  in  all  cases;  the  flesh  usually/  remained  hard  and  vi/oody  and 
had  either  an  insipid  or  an  unpalatable  acid  flavor  giving  it  unaccep- 
table dessert  quality.     Samples  held  at  57°  and  one  held  at  47°  ripened 
with  good  m.arketable  appearance  and  color,  but  the  texture  and  flavor 
of  the  flesh  was  inferior  to  com.parable  lots  ripened  at  65°, 

Effect  of  Ripening  Temperature  on  the  Development  of  Color  and 
Breckdovm  and  on  the  Length  of  Ti me  Rc qup  re^ c.  to  R ijoen  _b h3__Fru i_t  • 

In  the  ripening  tests  made  in  Nov/  York,  pears  ripened  at 
temperatures  above  80°  did  not  develop  full  skin  color  bub  instead 
retained  some  green,  which  gave  thorn  a  dulj.  appearance c     Some  showed 
light  green  blotches  aro^ond  the  Ter.ticols  and  there  v/as  considerable 
variation  in  colcr  .ronong    fruits  in  the  same  lot  when  ripe.     On  the 
other  hand,  the  fruit  ripened  at  65°  to  68°  genoi-ally  developed  the 
full  deep  yellow  characteristic  of  Bartlett  pears,     Vi'hen  the  fruit 


^  12 


had  softened  to  the  most  desirable  stage  for  eating,  the  color  of  each 
lot  was  determined  by  comparison  with  the  standard  color  chart  of  the 
California  State  Department  of  Agriculture,     Colors,  with  their  numer- 
ical designations,  shown  on  this  chart  are:     green  -  1,  light  green  - 
2,  yellowish  green  -  3,  yellow  -  4,.     Colors  mid-v;ay  between  those  il- 
lustrated on  the  chart  were  estimated  and  recorded.     The  full  yellov; 
Bartlett  color  was  designated  as  4-plus .  Color  designations  for  each 
lot  are  shown  in  table  10 « 

The  number  of  days  required  at  each  temperature  to  ripen  the 
fruit  to  its  most  acceptable  stage  for  eating  is  also  shown  in  table 
10.     Generally,  a  day  longer  was  required  to  ripen  fruit  at  81^"  to  83° 
than  to  ripen  similar  fruit  at  66°  to  68°P.     More  variation  in  rate  of 
ripening  was  found  at  the  higher  temperature,  and  certain  fruits  failed 
to  soften  but  remained  firm  until  they  became  broken  down  or  decayed. 
Neither  ripening  temperature  nor  transit  temperature  had  any  notice- 
able effect  on  the  murier  of  days  the  fruit  remained  in  marketable  con- 
dition after  it  was  ripe. 

Breakdown  was  much  more  prevalent  at  the  higher  ripening 
temperatures,  being  found  in  46  out  of  54  lots,  v/hereas  it  was  found 
in  only  3  of  the  comparable  lots  ripened  in  the  lower  temperature 
range   (table  10)  •    The  average  amount  of  breakdown  was  11,6  percent  at 
the  high  ripening  temperature  as  compared  with  0,2  percent  at  the  low 
ripening  temperature.     The  breakdown  was  not  the  usual  storage  type 
that  first  affects  the  core  areas  in  the  fruit,  but  was  a  surface  col- 
lapse sometimes  extending  to  the  core.     Affected  pears  v;ore  usually 
more  prevalent  in  the  center  of  the  packed  boxes.     The  occurrence  of 
most  of  the  breakdown  at  this  location  in  the  box  may  possibly  be  ac- 
counted for  by  the  higher  temperature  found  there.    Thermographs  bur- 
ied in  packed  boxes  held  in  the  81°  to  83°  ripening  room  recorded 
temperatures  from  4°  to  6°  above  that  of  the  air,  due  to  the  heat  of 
respiration.     Other  investigators  v/ho  observed  this  condition  attri- 
buted it  in  part  to  the  accumulation  of  toxic  volatile  substances  in 
the  center  of  the  box.  l/ 

The  fruit  ripened  at  Davis  likewise  showed  differences  in 
color  and  prevalence  of  breakdov/n  that  v/ere  associated  with  ripening 
temperature,    A  few  samples  required  one  day  longer  to  ripen  at  65° 
than  at  70°  but  those  ripened  at  the  lower  temperature  remained  in  a 
little  better  condition  throughout  the  marketable  period,  some  being 
considered  marketable  for  one  additional  day.     Fruit  held  at  85°  to 
90°  required  from  two  to  three  times  the  number  of  dtxjs  to  soften  and 
color  as  did  comparable  samples  held  at  either  65°  or  70°,   (table  9), 
In  most  instances  the  fruit  at  higher  temperatures  developed  scald  and 
was  showing  some  decay  and  breakdown  either  on  the  surface  or  at  the 

1/  Furlong  and  Barker,  Report  on  ripening  tests 
v/ith  S,  African  pears  and  plums,     Bui.  23, 
S.  Afr .Coop.DccidoFruit  Exch,  1935, 
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core  before  It  was  considered  ripe.     In  no  case  did  it  ripen  with  an 
f.ttractive  yellov/  color »     Samples  ripened  at  temperatures  as  low  as 
57°  and  47°  required  appro:^:imately  twice  as  long  to  ripen  as  those 
held  at  65°  and  r.bout  the  sam.o  time  as  those  held  at  85° • 

The  results  obtained  in  these  investigations  show  clearly 
that  ripening  temperatures  of  65°  or  66°  to  63°  sre  better  than  lov;er 
or  higher  temperatures  resulting  in  better  flavor,  texture,  color  and 
more  uniform,  rapid  ripening.     These  findings  are  in  agreement  with 
the  results  of  most  of  the  previously  reported  v;ork  on  the  ripening 
of  Bartlett  pears. 

The  relationship  between  ripening  temperature  and  breakdovm 
has  not  been  demonstrated  so  clearly  in  other  investigations.  These 
results  undoubtedly  indicate  the  chief  reason  for  Bartlett  pears  fail- 
ing to  ripen  satisfactorily  in  retail  stores  at  eastern  markets.  In 
New  York  it  is  not  uncommon  for  the  average  street-level  temperature 
to  remain  above  80°F,  for  extended  periods.     Visits  to  stores  during 
July,  August  and  September  revealed  that  retailers  had  trouble  ripen- 
ing the  fruit  only  during  periods  of  such  high  temperatures.  Before 
recommendations  can  be  m.adc  for  the  commercial  application  of  the 
ripening  results,  additional  information  Is  needed.     If  fully  ripened 
by  the  wholesaler  or  jobber  the  fruit  would  require  extremely  careful 
handling  during  delivery  in  order  to  prevent  bruising.     On  the  other 
hand,  few  retailers  have  facilities  for  ripening  the  fruit  at  tempera- 
tures of  65°  to  70°, 


SlJMiJJVKY 

The  results  obtained  in  the  experimental  work  should  be  con- 
sidered as  suggestive  rather  tnan  conclusive  since  they  are  based  upon 
tests  made  during  only  one  season. 

It  was  found  that  the  Bartlett  pears  from  California  were 
refrigerated  adequately  in  every  test  shipment  and  in  many  instances 
they  were  refrigerated  more  than  was  actually  needed  to  satisfy  the 
market  preference  for  pears  with  some  yollow-green  to  yellow  color 
upon  arrival.     Softening  in  transit  was  generally  negligible,  aver- 
aging about  one  pound  difference  in  pressure  tost.     In  a  fev^  virarm 
shipments  fruit  softened  3  to  5  pounds  by  pressure  test  but  v/as  still 
firm  to  hard  on  arrival.     Low  transit  temperatures  had  no  apparent 
effect  on  flavor  of  the  pears,  evenness  of  ripening,  the  amount  of 
breakdown  that  developed  or  the  period  the  fruit  was  marketable  after 
it  was  ripened. 

Transit  temperatures  were  influenced  largely  by  the  precool- 
Ing  the  fruit  received  rather  than  by  the  number  of  icings  in  transit. 
Length  of  precooD.ing  was  the  principal  factor  in  reducing  the  tempera- 
ture of  the  fruit.    To  precool  pears  to  45°  or  50°  required  18  to  C4 
hours  and  to  precool  the.n  to  approximately  32°  required  61  to  119  hours. 
In  cooling  to  45°  or  50°  the  rate  averaged  1°  to  1-|°  per  hour  but  in 
cooling  to  32°  It  averaged  only  0,4°  to  0,9°  per  hour. 


-  14 


In  evn.luatlng  the  effectiveness  of  procoollng,  emphasis 
should  be  placed  on  the  length  of  the  precooling  period  rather  than 
on  taking  a  few  fruit  temperatures  at  the  outside  of  accessible  boxes. 
Ice  meltage  is  also  a  good  indication  of  the  cooling  accomplished, 
about  2^^  reduction  in  temperature  being  obtained  in  heavy  loads  of 
pears  by  the  meltage  of  1,000  pounds  of  ico.     In  those  tests,  the 
temperature  of  pears  in  the  center  of  boxes  in  the  top  layer  of  the 
doorway  stack  was  close  to  the  average  of  the  load  in  cars  cooled  with 
fans  at  the  top  bulkhead  opening,  but  in  a  car  cooled  by  blowing  air 
into  it  through  the  doorway  the  temperature  in  the  top  layer  of  the 
bunker  stack  was  closer  to  the  car  average* 

The  temperature  at  which  pears  were  ripened  had  a  marked 
effect  on  flavor  and  breakdown.     Vi/hon  ripened  at  65^  to  70°,  either  at 
Dsvis,  California  or  New  York  City,  pears  developed  good  flavor  with 
juicy  flesh  and  attractive  coloi-.     There  v/ns  some  indication  that  65° 
was  better  than  70°,  but  temperatures  as  low  as  47°  and  57°  were  not 
as  good  as  65°.    At  temperatures  above  80°,  which  are  often  encountered 
on  the  market  in  July  and  August,  the  fruit  ripened  imperfect Ij?-  and  had 
an  insipid  flavor,  remaining  hard  and  woody  or  becoming  dr^'  and  mealy. 
Breakdown  occurred  in  46  out  of  54  lots  ripened  at  81°  to  83°  as  com- 
pared to  only  3  of  the  54  comparrble  lots  ripened  at  66°  to  68°.  It 
appears  from  these  results  that  relatively  cool  ripening  temperatures 
are  needed  to  prevent  the  losses  that  have  been  reported  from  break- 
down and  poor  quality  and  appearance. 
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TABTJ]  2,     /JPEAWCL'  OP  ?S/RS        AP.P.IV/.L  AS  INPLUErCED  BY  ITIE 
i\]IOiriTT  OF  REFRTG'5RAT:i:Cr  Til!'!;!  RECV]IV>]D  IF  TRA'MSIT.^A  1941 


LOT 

DISTRICT 

Ci\R  8  -  T,OAPED  JUjM  2b 
AT'E.   TR/JvSIT  TEi;IP„— 49.,8°P 

CAR  9  -  LOADED  JULY  23 
AYE.   TRAI^SIT  TEJ/IP,  — 43 .4°? 

1 

3 

4 

1 

Placer  Co, 
do 

Marysvlllo 
do 

Excellont  color  for  ruction 

_L  O  j^^  J-C-t*^ 

Good  color  for  auctioii  dis^olay 
Excellent  color  for  auction 
display,  slij^litly  irr9gulc:^r 

Too  green  for  best  auction  display 
do 
do 
do 

C/lR  10  -  I0i"J3ED  JULY  25 
A"VE.  TR.''J';SIT  TKJP.— £?, .^^F 

CAR  11  -  LOADED  JULY  25 
AVE.  TR/iIISIT  TEI'iiP.— 45.10F 

X 

2 
3 

/ 
'± 

do 

Sacto.Riv. 

do 

uouu  appsuiuncu  xur  ciuooi'jxi  uxop 
E::cellent  color  for  auction  disp 
Good  color  for  auction  display 
do 

.luu  green  iuf  uqoc  auciixon  uxspxay 
Good  color  for  auction  display 
do 

Too  green  for  best  auction  display 

CAR  14  -  LOADED  /JTG.  4 
AT'E.   TxRMSIT  TEi.IP.— 47,5°? 

CAR  13  -  LO./IDED  /JJG.  4 
/YE.   TR.II'.ISIT  TEiCP.— 38°F 

1 

2 

3 

J. ,             JL       V     V     V     -1-  _U  ai.  \^ 

do 

Placor  Co. 

do 

^rTf*,p  1  1  PT. i"  "Tot  ?^T!ir*'h"i  OTt   H  n  S'n "!  n  v 

do 

Good  color  for  aucticn  display 
Excellont  color  for  auct.diSD. 

Good  color  for  auction  display 
Fairly  good  color  for  auction  disp, 
i!;xcellono  color  for  auction  display 

CAR  15  -  LO;j)ED  /JJG.  7 
A'VP;,   TR.-JISIT  TEIIF.— 44.8°F 

C/iR  IS  -  LO/JDED  AUG.  7 
ATE.  TRilllSIT  TEiVIP.— 41.0CF 

1 
o 
_J 

Lako  Co, 
do 

Slightly  green  for  best  auction 

display 

Color  variablo  but  average,  ex- 
cellont for  auction  display 

Too  green  for  best  auction  display 
do 

CAR  17  -  LOi"I)ED  AUG.  11 
AVE.  TR/iITSIT  TELfP. — 13.C°F 

C7iR  18  -  LOixDED  AUG.  11 
A^/E.  TRAI^SIT  TEMP.— 40.0°F 

1 

2 
3 

Flacorvillo 
do 
do 

Too  greon  for  best  auction 

ly  display 
Slight/green  for  best  auction 
display 

Excellent  for  auction  display 

Slightly  green  for  best  auction 

display 

do 

Good  for  auction  display 

_1/'    Test  fruit  frcn  cars  1-7  inclusive,  all  too  green  on  arrival  for 
best  auction  display. 


TABLE  3.     SOFTENIITG  OF  PEARS  IN  TPAI^SIT  AS 
II^TFLlBiiCBD  3i  ^.ffiTHOD  OF  KFFR.TGiiRATIOxT 

i9'n 


Days 

Pressure  Test  j 

Average 

Car 

Date 

Until 

Mien 

On 

Aiiiouiit 

Teinper- 

No. 

Loaded 

Jnloaded 

Lot 

Pa  c  ko  a 

Arrive !•  Softened)  o.tureS/ 

Refrigeration 

Pounds 

Pounds 

Pounds 

Top  Layor,  Doorway 

1 

July  11 

10 

1 

20.5 

16.4 

4,1 

57.2 

iTonprecooled,  1  reicing 

2 

19.6 

18 . 0 

1.6 

do 

do 

2 

do 

11 

1 

20.5 

18,0 

2.5 

46,6 

Precooled  to  49°, 1  reicing 

2 

19.6 

18,5 

1,1 

do 

do 

3 

July  14 

11 

1 

22.0 

20.9 

1,1 

55.5 

ITonprecooled,  std.  ref. 

2 

18.1 

19,2 

1  A  n 
_1/1.1 

do 

do 

4 

do 

16 

1 

22.0 

21,4 

0.6 

42.8 

Procooled  to  35°, 1  reicing 

2 

18.1 

18,5 

1/0.4 

do 

do 

5 

do 

11 

1 

22.0 

20.7 

1,3 

55.5 

Precooled  to  65°,  std.  ref. 

6 

July  19 

12 

1 

16.7 

16.5 

0,2 

45.8 

Precoolod  to  46°, 1  reicing 

2 

17.6 

17,7 

_1/0,1 

do 

do 

7 

do 

17 

1 

16.7 

17,  7 

1/1,0 

41.6 

Precooled  to  30°, 2  reioings 

2 

17.6 

18,6 

_l/l,0 

do 

do 

8 

July  23 

14 

1 

20.5 

17,8 

1/2.8 

49.8 

Precooled  to  39°, 1  reioing 

2 

20,7 

17.3 

3,4 

do 

do 

3 

21.4 

17.7 

3.7 

do 

do 

4 

19,7 

14.7 

5,0 

do 

do 

9 

do 

12 

1 

20.6 

21.2 

1/0.6 

45.4 

Precooled  to  31^,1  reicing 

2 

20.7 

18.9 

1.8 

do 

do 

3 

21.4 

20.0 

1,4 

do 

do 

4 

19.7 

18.6 

1.1 

do 

do 

10 

July  25 

10 

1 

21.3 

20.3 

1,0 

52.4 

TJonprecoolod,  std. ref, 3^  salt 

2 

19.  9 

19.3 

0,6 

do 

do 

3 

19.4 

18.2 

1.2 

do 

do 

4 

18.1 

16.6 

1.5 

do 

do 

11 

do 

11 

1 

21.3 

21.2 

0,1 

43.1 

Precooled  to  41°,  2  reicings 

2 

19,9 

19.6 

0,3 

do 

do 

3 

19.4 

19.2 

0,2 

do 

do 

4 

18.1 

18.2 

1/0.1 

do 

do 

12 

Aug,  2 

12 

1 

16.3 

15.3 

■  1.0 

44.2 

Precoolod  to  40°,  std,  ref., 

Fvontemp  fans 

13 

Aug.  4 

14 

1 

ie.3 

17.9 

0.4 

33.0 

Precoolod  to  34°,  1  reicing 

2 

16.3 

17.5 

1/^.9 

do 

do 

3 

20.1 

19.6 

0.5 

do 

do 

4 

17,7 

17.7 

0.0 

do 

do 

14 

do 

11 

1 

18.3 

13.6 

1/0.3 

47.3 

Precooled  to  38°,  1  reicing 

2 

16.6 

17.5 

1/0.9 

do 

do 

3 

20.1 

20.4 

1/0.3 

do 

do 

4 

17.7 

18.3 

_l/0.6 

do 

do 

(Cont'd) 


TABLE  5.     ( Cont'd ) 


I 


Days 

Prcssi--. 

ro  Test 

Avor  af;;e 

oar 

Do.  "be 

Until 

~lvi.o-i"l'  On 

Aiiiount 

Xoiitjor- 

i\IO, 

liCadod 

[Jnloaded 

LOT: 

Pcokoi 

!  .Arrlva] 

i^of  r  if^eration 

p'ounds 

!  Poundfc; 

1  Pounds 

i 

Top 

^'^ayoT,  Do 

ovv/ri.y  ( G  < 

jn  c-  a  y 

15 

Ann-  7 

J.  X 

T 
J. 

21,0 

20. 9 

•  X 

C 

10.7 

20.0 

1  /n 
1  /  u ,  o 

U.U 

r\  r\ 
ao 

XO 

CIO 

X^t 

X 

21c0 

20  o  6 

"iX  ,  U 

irrooooxoa  "o  ,  x  >  x  reicmg 

2 

19.7 

16.8 

0.9 

do 

do 

17 

Aug.  11 

11 

1 

21.0 

17.7 

3.3 

46,9 

Preooolcd  to  49°,  std.rof. 

o 

c 

20.3 

18.1 

QO 

UO 

3 

6X,0 

17.9 

5.1 

do 

do 

18 

do 

14 

1 

21.0 

17.6 

3.4 

40,9 

Precooled  to  33°,  initial  ice 

2 

ijO ,  o 

18  ,  6 

1.7 

do 

do 

3 

21,0 

18.1 

2.9 

do 

do 

Aug .  CI 

XC/ 

1 

X 

17.1 

16,6 

"iX,  X 

X  roC/Uoxt/U.  T/U  ov  ,    X  ru XO iiiP 

Bottom 

Lay 0  r ,  B 

Tinlcor 

2 

July  14 

11 

1 

22,0 

21.7 

0.3 

42.7 

ITonpreoooled  std.  rof. 

2 

18.1 

18,5 

2/0.4 

do 

do 

in 

o  u  xy  c  o 

xu 

X 

21.3 

/II  7 

ri  onui  Gc  ooxcu ,  STjQ.roi.O/o  saxT/ 

2 

19,9 

do 

do 

3 

19.4 

18,8 

0.6 

do 

do 

4 

18.1 

do 

do 

1 

July  11 

10 

1 

20.5 

19.4 

1.1 

llonpre  cooled,  1  roicing 

2 

ID.S 

18,2 

1.4 

do 

1/    Gain  in  firmness. 


2/    Average  tomporaturo  of  fruit  during  preceding  and  in  transit 


TABLE  4.  RELATION  OF  TRJU^ISIT  TEI.^ERATITRS  TO  BREAKDCTM  OP  PEARS, 
AP^TER  RIPENING  AT  HIGH  TEivCERi'iTURES  FAYORABLE  TO  ITS  DEVELOPlffiNT 


1941 


Lot 

and  Car  Nimber 

Transit  Tonperabiires  Compared 

1  Breakdovra  in  lots  shipped  ai: 

Hip-he r  Terup, 

Lovrer  I'Siup, 

Higher  tomp. 

Lower  Temp. 

'  ^F. 

Pot. 

Pet. 

Lot 

1 

Cars 

1  and  2 

57 

47 

6 

0 

Lot 

2 

do 

do 

do 

5 

2 

Lot 

1 

Cars 

3  and  4 

56 

43 

3 

25  1/ 

Lot 

2 

do 

do 

do 

17 

56  1/ 

Lot 

1 

Cars 

6  and  7 

46 

42 

13 

Lot 

2 

do 

do 

do 

25 

38  2/ 

Lot 

1 

Cars 

8  and  9 

50 

43 

6 

1 

Lot 

2 

do 

do 

do 

4 

1 

Lot 

3 

do 

do 

do 

22 

3 

Lot 

4 

do 

do 

do 

26 

25 

Lot 

1 

Cars 

10  and  11 

52 

43 

20 

4 

Lot 

2 

do 

do 

do 

19 

3 

Lot 

3 

do 

do 

do 

22 

7 

Lot 

4 

do 

do 

do 

19 

42 

Lot 

1 

Cars 

13  and  14 

47 

38 

0 

0 

Lot 

2 

do 

do 

do 

25 

19 

Lot 

3 

do 

do 

do 

0 

0 

Lot 

4 

do 

do 

do 

0 

0 

Lot 

1 

Cars 

17  and  18 

47 

41 

0 

6  1/ 

Lot 

2 

do 

do 

do 

9 

Lot 

3 

do 

do 

do 

12 

12  1/ 

Lot 

1 

Top  &  Bottom  layer 

56 

43 

3 

16 

Lot 

2 

of  Car  3 

do 

do 

17 

14 

Average 

11.9 

14.0 

l/    Required  4  to  5  days  longer  to  ripen  than  lot  shipped  in  "warmer  car, 

2^    Seven  days  longer  ripening  period  required  than  for  lot  from  warmer  car. 
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19-11 


TEST 

PRECOOLBTG  TffiTHOD 

COOLIKG  P"3niOD 

1  AVER/lG^  1/ 

TOP  DOOKTAY 
TEiviPTilKi'.TURE 

TOP  DOORiMY 
wCi[i/Lpj\RiiD  TO 
A\^Rj'-GE  TSIAP, 

iIrs . 

Mir . 

F 

-u-p 

Uf  ' 

2 

Fans  and  ioe 

17 

30 

49 

47 

-2 

4 

do 

39 

45 

35 

33 

/3 

6 

do 

23 

25 

46 

43 

-3 

7 

Warehouse 

118 

45 

30 

30 

0 

8 

Fans  and  ice 

41 

35 

39 

44 

9 

do 

60 

55 

31 

32 

A 

11 

do 

25 

00 

41 

39 

-2 

13 

do 

60 

40 

34 

35 

% 

14 

do 

37 

50 

38 

40 

15 

Trackside  coils 

19 

30 

47 

34 

-13 

16 

Yfarehouso 

80 

15 

31 

33 

17 

Fans  and  ico 

21 

20 

49 

53 

A 

18 

lYarohcuse 

92 

15 

33 

32 

-1 

l/    All  tomporaturos  takon  in  the  center  of  the  bo^:  with  rosistance 
thoriEomotors .    Positions  avora,P!;od  v/erc  top,  iniddlo,  and  bottom 
layers,  oimkor,  quarter  len-^th,  and  doorway  stacks  along  conter 
lino  of  car. 


TA3LE  7.     COJ/EPARISOIT  OF  TIIE  FLAVOR  OF 
BARTLBTT  PEARS  GKO"}!  Ill  DIFFEP.ErT  DISTRICTS.,  l/ 

~1941 


DISTRICT 

:  Average  Flavor  Score  Of  Test  Lots  When  Ripened  At  Tenip. Sl'^-So^F, 

Early 

Mid sea son 

Late 

Saoramento  Valley 

jrXfiGDr  w (jum^y 
Lake  County 
Placerville 

Harvest  Uate  Score 

July  11-14  50 
July  25-26  60 
Aug .  9  54 
Aug.  12-15  58 

Harvest  Date  Score 

July  20-26  55 
Aug.  2-7  63 

Harvest  Date  Score 
Aug.  2-14  70 

1  

DISTRICT 

Average  Flavor  '^core  cf  "^est  Lots  Yfhen  Ripened  At  Tomp.66'-'-68'~'F. 

7.0  rlv 

i/Jidseason 

Late 

Sacramento  Valley 
Placer  Covinty 
Lake  County 
Plaoerville 

Harvest  Date  Score 

July  11-14  69 
July  25-26  77 
Aug.  9  79 
Aug.  12-15  78 

Harvest  Late  Score 

July  20-26  76 
^lUg.  2-7  73 

Harvest  Dat(5  Score 
Aug.  2-14  78 

l/    Flavor  Score:    Poor  0-24 j     Fair  25-49;     Good  50-74;    Excellent  75-100. 
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TJIBL!!!  10.     THE  E7FECT  OF  RIPEl^IWG  TiilI.^ai;P.AriTffii;  OiT 
COLOR,  ERgAKDCT,  AITD  TlUffi  .REQUIRED  TO  RIFEIT 

1941 


DATE  itZ  i'-^!^-^l2''^'LiZI  '  RIFBNII^G  PERIOD 

LOT  PACKED     "HIGH  TE-IP.     LOI!  m:P,27  Kiall  TEHP^     LOW  TEIT.     HIGH  TEIT.  LOIV  TEMP. 

 °  .       '^^P  il" 

1-D-i  7/11        3-1-4:  4g- 

l-D-2         do  3i-  4 

1-B-l         do  si  4/ 

1-  P-2  do  3-J  4/ 

2-  D-l  do  3  s'-S/i 

2-  D-2  do  3-T  4 

3-  B-l  7/14  4|-  4t 
3-B-2  do  4j  "4i 
3-D-l         do  4  4/^ 

3-  D-2  do  4t  4/ 

4-  D-l         do  3-3/4  4-|- 

4-  D-2  do  4t  4/ 

5-  D-l         do  4  4/ 

6-  D-l  7/19  4  4/ 

6-  D-2  do  3-0/4  4i 

7-  D-l         do  4  4-i- 

7-  D-2         do  4-1  4-0- 

8-  D-l  7/23  4i  4g- 
8-D-2  do  4  4/ 
8-D-o          do  3-3/4  4/ 

8-  D-4         do  4  4/ 

9-  D-l  do  4  44- 
9-D-2  do  4-1  4/ 
9-D-3         do  5-7'/^  4/ 

9-  D-4         do  4-^-  4/ 

10-  D-l  7/25  3-3/4  4/ 
lO-D-2  do  4  4/ 
lO-D-3  do  4  4/ 
10 -D -4        do  3-3/4  4/ 

10-  3-3        do  4  4/ 

11-  D-l  do  3-j-  4/ 
ll-D-2  do  4  4/ 
ll-D-3        do  S-3/4  4/ 

11-  D-4        do  4  4/ 

12-  D-l  8/2  4/  4/ 

13-  D-l  8/4  4i  4/ 
13-D-2  do 
13-D-3  do 

13-  D-4        do  4i  4/ 

14-  D-l  do  4-1  4/ 
14-D-2  do  4t  4/ 
14-D-3  do  4^  4/ 
14-D-4        do  4t  4/ 


81^-85° 

660-680 

81°-83° 

66Q-68O 

Pet, 

Pot. 

Leys 

Days 

6 

2 

3 

3 

5 

0 

3 

4 

3 

0 

8 

6 

4 

0 

8 

6 

0 

0 

3 

3 

2 

0 

4 

4 

16 

0 

9 

6 

14 

0 

8 

5 

3 

0 

6 

5 

17 

0 

5 

4 

25 

0 

5 

4 

56 

0 

5 

4 

8 

0 

5 

4 

13 

0 

4 

4 

25 

0 

4 

4 

45 

0 

6 

4 

38 

4 

6 

4 

6 

0 

3 

3 

4 

0 

3 

3 

22 

0 

3 

3 

26 

0 

3 

3 

1 

0 

8 

5 

1 

0 

7 

5 

3 

0 

7 

5 

25 

0 

7 

5 

20 

0 

6 

5 

19 

0 

5 

5 

22 

0 

6 

5 

19 

0 

4 

4 

5 

0 

7 

7 

4 

0 

7 

5 

3 

0 

6 

5 

7 

1* 

7 

5 

42 

2 

6 

5 

0 

0 

4 

3 

0 

0 

4 

4 

25 

0 

4 

4 

0 

0 

4 

4 

0 

0 

4 

4 

0 

0 

4 

4 

19 

0 

4 

4 

0 

0 

4 

4 

0 

0 

4 

4 

TABLE  10.  (Cont'd) 


LOT 


DATE 
PACKED 


COT.OK  iT 


15-D-l 

8/7 

15-D-2 

do 

16-D-l 

do 

16 -D -2 

do 

17-D-l 

8/11 

17-D-2 

do 

17-D-3 

do 

18-D-l 

do 

18-D-2 

do 

18-D-3 

do 

19-D-l 

8/27 

HI  (31  TELiP.     UJa  f  i^LT .  2/  III  GII  '  Ti5^  . 

8?.^-85Q         66^-630  "   81°-3oQ 

Pet. 


3i 
4 
4- 
4- 

4* 


/ 

3-3/4 


4* 
4- 

32" 


4i 
4/ 

4/ 


4 
2 
8 

10 
0 
9 

12 
6 
4 

12 
8 


LOW  TEItP. 
66Q-6aQ 
Pet. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


 KIPENIIJ'G  PERIOD 

'high  TEIff.  LCT  TEJff. 
8l°-83°  66°-68° 


Days 

5 
6 
6 
5 
4 
4 
4 
7 
7 
7 
5 


Days 

5 
4 
6 
6 
5 
6 
5 
5 
5 
5 
5 


"ij    Color  terms  correspond  to  California  State  standards,     1-green,  2-light  green, 
3-greenish  yellow,  4-yellaw.    Full  yellotv  color  for  Bartlett  pears-4/. 


2/  The  color  of  the  pears  ripened  at  low  temperatures  was  usually  more  uniform 
Tjlth  fewer  greenish  blotches  shca^ring  around  the  lonticols  than  was  the  case 
in  the  fruit  ripened  at  higher  temperatures. 


3/  BreakdOTm  of  the  flesh  was  usually  of  the  surface  tjnpe  in  contrast  to  the 
"*      commonly  found  type  that  affocts  the  tissue  in  the  core  or  vascular  area. 
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